Phaeochromocytoma is an uncommon tumour l -3 which may be difficult to diagnose in some situations. Tumours which present in the perioperative period are associated with a greatly increased mortalityl,4 because of the consequences of inadequate adrenergic blockade or delay and confusion in making the diagnosis. The already diverse clinical features 5 ,6 of these tumours are altered by anaesthesia and surgery. A case is presented where the diagnosis and management of an undiagnosed phaeochromocytoma manifesting during anaesthesia were complicated by a possible concurrent episode of malignant hyperthermia (MH).
CASE REPORT History and examination
A 45-year-old, 70-kg Swiss male visiting Australia was brought to the emergency department after sustaining a fracture-dislocation of the right ankle while playing golf. Initial history from the patient was unremarkable except that he described the fall causing the injury 'as if struck by lightning'. Physical examination revealed a fit man in little distress with a heart rate (HR) of 78 beats per minute (bpm) and a systolic blood pressure (BP) of 140 mmHg by auscultation. A closed reduction of the dislocation was performed in the emergency room after the patient had been given intramuscular pethidine 125 mg and metoclopramide 10 mg, plus intravenous diazepam 10 mg. Within thirty minutes the patient had become anxious, diaphoretic and febrile (temperature per axilla 37.8° C), tachycardic (140 bpm) and hypertensive (1901l20 mmHg). An electrocardiogram showed sinus tachycardia only and the patient himself identified fear of hospitals as the cause of his symptoms. The orthopaedic surgeon wished to proceed to early internal fixation and the patient was transferred to the operating suite to be assessed by the anaesthetist.
Anaesthetic management
The patient arrived in the anaesthetic induction room approximately 100 minutes after the closed reduction. Enquiry confirmed apparently excellent general health, no previous anaesthesia for surgery, no allergies, no relevant family history, no medications and nothing by mouth for the five hours prior to admission. Physical examination revealed a sweaty, anxious man with tachycardia, hypertension and some peripheral vasoconstriction. The patient was medicated incrementally with IV pethidine 50 mg, droperidol 5 mg, midazolam 2.5 mg and propranolol 1 mg prior to induction, which reduced his HR from 160 to 140 bpm and his BP from 2201130 to 1701l1O mmHg. It was decided to proceed with surgery and monitoring with ECG, NIBP, pulse oximetry, capnography and inspired gas analysis was established. General anaesthesia was chosen and induced using a standard rapid sequence technique of preoxygenation and cricoid pressure thiopentone 500 mg, suxamethonium 100 mg the~ uneventful intubation of the trachea with a 9.0 mm cuffed oral endotracheal tube. Anaesthesia and relaxation were maintained with 66% nitrous oxide, 1 % enflurane in oxygen via a circle absorber system and alcuronium 15 mg. The HR and BP remained unchanged during the induction and commencement of surgery despite further administration of several doses of propranolol totalling 4 mg. IV ampicillin and cloxacillin were given at the surgeon's request.
Some thirty minutes after the induction of anaesthesia it was noted that the pulse oximeter was reading 90% and that frothy fluid was visible in the endotracheal tube. The patient was commenced on 100% oxygen and 10 cm water PEEP added to an increased mechanical minute ventilation of 10.8 litres per minute. An arterial blood gas analysis at this time showed marked hypoxaemia and mild metabolic acidosis but normocarbia. The end-tidal expired carbon dioxide remained between 35-38 mmHg but by the end of surgery (two hours after induction) the nasopharyngeal temperature had risen to 39.6° C. Hydrallazine 20 mg IV given at the time of onset of the pulmonary oedema had reduced the blood pressure to 150/110 mmHg but the HR was now 180 bpm. As the diagnosis was still unclear and MH considered a possibility, administration of dantrolene was commenced. The patient was given further midazolam 2 mg, thiopentone 200 mg, alcuronium 10 mg and transferred to the intensive care unit for further management.
Intensive care management
On arrival in the ICV the patient had a cool periphery with mottled skin despite a nasopharyngeal temperature of 40.5° C. Dantrolene administration was continued to a total dose of 260 mg (approximately 3.5 mg/kg) and active cooling instituted using a water blanket, icewater lavage of stomach and bladder and ice-packs in axillae and groins. Vital signs were now HR 150 bpm and BP 120/70 mmHg. Repeat arterial blood gas analysis showed some improvement of oxygenation but no other significant changes. Monitoring was upgraded with uncomplicated placement of arterial and central venous catheters. Some forty minutes later (approximately four hours after induction of anaesthesia), the patient suddenly became profoundly hypotensive, developed ventricular tachycardia, then ventricular fibrillation which rapidly degenerated into asystole despite defibrillation twice with 200J. Sinus tachycardia was restored within one minute with external cardiac massage, adrenaline and calcium chloride but infusions of dopamine, dobutamine and adrenaline were then required to maintain the blood pressure. Repeat blood biochemistry showed hyperkalaemia of 6.6 mmol/l which was treated with conventional measures. A 12-lead electrocardiogram (ECG) now showed changes of extensive antero-septal myocardial infarction and 2-D echocardiography showed severe global ventricular dysfunction. A pulmonary artery catheter was placed to guide further fluid and inotrope therapy, with initial haemodynamic values being cardiac output 3.2 l/min, systemic vascular resistance 1800 dyn.s.cm-5 (normal 800-1200) and pulmonary capillary wedge pressure 20 mmHg. A further 160 mg of dantrolene was given for a recrudescence of fever to 38.8° C and more insulin/dextrose given for persisting hyperkalaemia. The patient was kept paralysed with vecuronium and sedated with morphine and midazolam until cardiorespiratory stability returned. Despite maintenance of good urine output throughout, the patient's serum creatinine rose to a peak of 0.19 mmol/l at about twelve hours post-episode before returning quickly to normal values. The periods of hypotension and circulatory shutdown had resulted in distinctly ischaemic areas appearing on both feet and after consultation with a vascular surgeon, the patient was fully anticoagulated with heparin. Creatinine kinase MB isoenzyme peak was 12% of total CK 928 V/Ion day 1 (Peak CK was 4734 VII on day 5). Further questioning of the patient's wife elicited a history of 'tachycardia' some four years earlier as well as two vague episodes of 'heat intolerance' following vigorous exercise, one of which lasted several days. None of these symptoms had been investigated at the time.
By day 2 the haemodynamic state had improved sufficiently to allow withdrawal of the adrenaline infusion, although persisting hypocalcaemia required regular calcium chloride. Serial ECGs and echocardiograms continued to indicate anteroseptal infarction for several more days but thereafter all the changes resolved completely (a subsequent gated, pooled radionucleide heart scan showed an ejection fraction of 59%). The patient continued to improve slowly despite several episodes of supraventricular tachycardia and one of pulmonary oedema. He also developed bilateral basal atelectasis and consolidation which had resolved sufficiently to allow extubation on day 7. A 24-hour urinary catecholamine screen (off inotropes) gave values of free noradrenaline 15.72 micro mol/spec (N < 0.47), free adrenaline 7.96 micromol/spec (N < 0.11). CT scan of the abdomen after oral contrast showed a mass of 5 cm diameter in the region of the right adrenal gland. In view of the biochemical and radiological evidence for phaeochromocytoma, alpha-adrenergic blockade with phenoxybenzamine was instituted. Despite incomplete resolution of the respiratory infection, the patient was repatriated (at his request, by air, with intensive-care medical and nursing escort) on the fourteenth day after the acute episode, for definitive surgical treatment in Switzerland.
Subsequent correspondence informed us that surgery shortly thereafter was apparently successful and uneventful but did not specify the anaesthetic technique or whether dantrolene prophylaxis for MH was used. We have since learned that the patient did eventually undergo muscle biopsy/ contracture testing and the results indicate that he is MH equivocal (MHE) according to the European MH Group protocol. 7 
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DISCUSSION
Over fifty case reports of undiagnosed phaeochromocytoma presenting in the perioperative period have been published in the anaesthesia literature. 4 Such reports seem to be less frequent nowadays and this may reflect the increased awareness generated by the earlier reports, improved diagnostic tehniques and increased sophistication of anaesthesia and resuscitation methods. Estimates of the incidence of phaeochromocytoma vary but may be as high as 1/50-1000 in patients screened for hypertension. There is a mean delay of five to ten years between onset of symptoms and diagnosis and some 35% of cases are not diagnosed in life. 1-3 It is therefore not all that unlikely that the average anaesthetist could encounter a patient with undiagnosed phaeochromocytoma during a working career. Since the perioperative presentation carries an 80% mortality, 1,4 it serves the anaesthesia community to analyse the case reports of patients who do survive so that crisis management techniques associated with favourable outcomes may be identified. The incidence ofMH varies with age and geography but an overall figure of 1/50,000 in adults is generally accepted. 8 Current mortality with prompt treatment is approximately 10%.
The clinical features of phaeochromocytoma have been well described. 5 ,6,9 The most common perioperative presentation is of hypertension, tachycardia, arrhythmia and haemodynamic instability. 4 Perspiration is described frequently and pyrexia occasionally in non-perioperative presentations of phaeochromocytoma. 5 Significant hyperthermia as a major feature of perioperati,:e presentation has not been described to our knowledge. The clinical picture offull-blown MH is also well described although less florid episodes may be more difficult to recognise. There may be considerable overlap in the clinical appearances of the two disorders under anaesthesia. Crowley et al. lo have reported a case of misdiagnosis due to similarities in presentation. We felt the later diagnosis of phaeochromocytoma satisfactorily explained all the clinical features and thus did not exclude MH by muscle biopsy. We are unaware of any reports of both phaeochromocytoma and malignant hyperthermia manifesting simultaneously under anaesthesia. The case we present appears to require the dual diagnosis.
It is highly unlikely that the degree of hypertension and tachycardia seen in our patient could be attributed simply to anxiety in such an ostensibly fit younger man and should prompt consideration of a full differential diagnosis. Light anaesthesia was quickly excluded on clinical grounds and in any case some process was active prior to induction. Thyroid crisis was considered and excluded by urgent thyroid function tests. Malignant neuroleptic syndrome has some similar clinical features to MH but is a chronic process and believed to have different pathophysiology and no cross-sensitivity to the recognised MH triggers. II Sepsis could explain the fever but not the haemodynamic picture. Interaction with monoamine oxidase inhibitors (MAOls) seemed unlikely as the patient took no regular medications. Lack of both an appropriate history and significant myoglobinuria made rhabdomyolysis unlikely. Carcinoid syndrome may have a similar presentation in crisis under anaesthesia 12 but this patient did not have the typical history nor exhibit the typical flushing.
The decision to administer dantrolene was made despite the absence of some 'classical' features of MH (rigidity or masseter muscle spasm, obvious hypercapnia or significant metabolic acidosis) and in the presence of (atypical) pulmonary oedema and marked hypoxaemia. There were enough other consistent features (hypertension, tachycardia and skin mottling; later in the ICU, ventricular arrhythmias, hyperkalaemia and hypocalcaemia, rise in skeletal muscle enzymes and serum creatinine, recrudescence of fever) to support the diagnosis. In fact, normocarbia despite double the expected minute ventilation for this patient would suggest increased carbon dioxide production and MH. The rise in skeletal muscle enzymes seen in our patient was moderate only and is not typical of classic MH. This could reflect attenuation of the process by early dantrolene administration or simply less severe disease due to the variable expressivity of the autosomal dominant inheritance. The initial rise in body temperature to 37.8° C noted in the emergency room was considered non-specific. However, the dramatic rise to 39.6° C (and higher in the ICU) over about two hours and the fact that two known trigger agents (suxamethonium, enflurane) had been used made consideration ofMH essential. The elevation of core body temperature could also be due to catecholamine excess with resultant increased metabolism in the face of profound peripheral vasoconstriction impairing heat loss (no warming devices were used in the operating room). Against this theory as the principal explanation of the hyperthermia is the relatively low SVR we measured: (the patient reported by CrowleylO had a maximum body temperature of only 38.3° C in spite of an SVR of 3050 dyn.s.cm-5 ). Nevertheless, body cavity irrigation with iced saline and external cooling were effective in reducing the temperature. One can only speculate whether the cooling exacerbated the vasoconstriction and, by its proximity to the heart, contributed to the episode of acute cardiac decompensation and arrest.
Cardiac involvement in MH is generally felt to be a secondary phenomenon, rather than a primary process within the cardiac muscle. It is of interest to note that cardiac arrest occurred after the institution of cooling and dantrolene in our case as it did in that reported by Crowley et al. Oantrolene has little effect on myocardial contractility in usual clinical doses but rapid injection has been reported to cause asystole in pigs. 13 The total resolution to normal of the indices of myocardial damage and dysfunction evident in the early postoperative period is of interest. Electrocardiographic and echocardiographic changes due to 'catecholamine cardiomyopathy' are often seen to revert to normal in patients with phaeochromocytoma being prepared for surgery with alpha blockade and some authors consider this an indicator of readiness for surgery.14 Similar changes have long been known to occur following neurologic disease or injury and these have been observed to resolve with recovery or the onset of brainstem death even though histologic examination of endocardial biopsy in such patients often shows 'contraction band necrosis' lesions. There is evidence to suggest a common mechanism of sympathetically mediated myocardial 'calcium toxicity'15 and thus perhaps we should have anticipated resolution as occurs in the neurologic and preoperative settings. Elevated skeletal myoplasmic calcium levels are thought to be responsible for the enhanced metabolism in MH. This process is felt not to occur in myocardium but it is conceivable that the ensuing major fluxes in calcium could play a role in or exaggerate a concomitant catecholamine-induced, calciummediated cardiac lesion. Nevertheless, we were surprised at the speed and completeness with which the gross changes seen in our patient resolved and can only surmise that this is the natural history of the disease(s) in healthy, young myocardium.
The occurrence of the patient's symptoms after large doses of sedative, analgesic drugs in a chemically naive and previously haemodynamically normal person should arouse suspicion. It is likely that the drugs administered to the patient precipitated and aggravated the crisis as a clear temporal relationship exists in our account and has been described by others. 4 Pethidine has been identified as capable of causing (increased) catecholamine release in the patient with phaeochromocytoma. 16 ,17 Metoclopramide has been reported to precipitate symptom onset. Whether the mechanism is related to dopamine type 2 receptor blockade or to mechanical stimulation of the tumour by enhanced gastric peristalsis (the tumour in our patient turned out to be on the right side) remains unclear. 18 Oroperidol, while advocated by many authors, has also been reported to cause a paradoxical pressor response in the patient with phaeochromocytoma by inhibition of catecholamine uptake or by a direct hormone releasing effect. [19] [20] [21] [22] Propranolol is generally felt to have a theoretical risk of allowing unopposed alpha-adrenergic effect in these patients by blockade of beta-2 mediated vasodilatation and is thus reserved for control of persistent tachycardia after full alpha blockade has been achieved. 22 Pulmonary oedema, as seen in our patient, has been reported when propranolol is used too early or alone.
The additional history given later by our patient's wife is non-specific but had it been elicited preoperatively and viewed critically in the light of the patient's preoperative haemodynamic state the surgical and anaesthesia management may have been modified. Regional anaesthesia has been used in conjunction with general anaesthesia for elective resection of phaeochromocytomas to enhance cardiovascular stability22,23 but there is little information regarding use of regional anaesthesia and presentation of an undiagnosed phaeochromocytoma. Regional anaesthesia, as well as avoiding the recognised trigger agents, is known to block effectively the stress response to surgery although stress as a trigger in human MH remains doubtful.
In conclusion, a case of undiagnosed phaeochromocytoma manifesting in the perioperative period and resulting in a favourable outcome is presented. The patient also may be MH susceptible (MHS) (all MHE patients are clinically regarded as MHS) and the clinical features of the case are consistent with a concurrent episode of malignant hyperthermia. The occurrence of these two diseases simultaneously in a patient undergoing anaesthesia represents an extremely rare situation and few conclusions may be drawn. The similarities in presentation under anaesthesia and the potential difficulties in diagnosis and correct treatment are emphasised. Active cooling measures and possibly the use of dantrolene, while essential for the treatment of MH, may pose an additional hazard in patients with hyperthermiavasoconstriction of another aetiology. 
